Background: We have developed a Hip Fracture Classification which stratifies patients into 4 groups upon admission according to fracture complexity. This classification considers pathoanatomic and physiologic parameters and was developed to help identify high-risk patients, with more surgical demands and consequently higher incidence of morbidity. Materials and Methods: Data was gathered prospectively for a cohort of 273 consecutive patients admitted over a 12-month period between 2008 and 2009 and classified according to the Hip Fracture Complexity Classification (C0 -C3). The following outcome measures (mortality and length of hospital stay) were reviewed at thirty days and one year. Result: The overall mortality was 4.4% at 30 days and 20% at 1 year. There were significant differences in 1-year mortality between all stratified groups (P < 0.001), but not at 30-days. No difference in length of hospital stay was noted between complexity groups (P = 0.4). Conclusion: Clinical complexity is a significant factor influencing patient outcomes following hip fractures. Our classification helps highlight patients with higher surgical demands, aiming to draw more resources and help with optimization of care to those candidates. We believe such a system could be used to evaluate different hospitals performance more accurately. Since, national data is published annually; this system can help correlate morbidity and mortality with clinical complexity.
Introduction
With an increase in the incidence of hip fractures due to population aging, there were nearly 76,000 cases of hip fractures between 2009-2010, amounting to 1.4 billion British pounds of total expenditure a year [1] . Historically, a proportion of patients with hip fractures received poor quality of care; patients usually suffer from a number of coexisting comorbidities; and the injury is associated with a high incidence of morbidity and mortality. Mortality figures range from 5% -10% at 30 days postoperatively and 19% -33% at 1 year [2] [3] .
The National Hip Fracture Database (NHFD) provides polices and guidelines for all UK hospitals within the National Health Service (NHS). This database started in September 2007 in collaboration with the British Orthogeriatric Society and the British Orthopaedic Association. The NHS financing is based on payment by results. Every hospital is responsible for gathering data about its annual performance, which is published yearly by the NHFD in a transparent manner. Since the inception of the best practice tariff, there has been an on-going reduction in national mortality overall. The current system may not differentiate between more complicated hip fracture cases associated with medical and surgical complexity, and consequently they are at a higher risk of having poorer outcomes and others are with less complex cases for which a better outcome should be expected.
Much research has focused on individual causes of poor results from surgery following hip fractures. Very few sought to assess the effects of cumulative complexity and compare them to noncomplex groups. We observed that patients with multiple significant comorbidities and significant fracture patients are at highest risk of complications and fatality. Therefore at our institution, we developed a simple classification system to help stratify hip fracture patients according to their complexity to aid identification of high-risk patients and prioritisation of medical care and resources while planning their anaesthetic needs and surgical expertise required.
Materials and Methods
This is a prospective observational study of a consecutive cohort of hip fracture patients admitted to our institution, which is a large district general hospital. Patients aged 60 years old and above were included in our study in the twelve-month period from June 2008 to June 2009. Data was gathered prospectively at our weekly multidisciplinary audit meeting attended by orthogeriatricians, orthopaedic surgeons, nurses, therapist and theatre staff using a database system. The prospective data collected included: In order to calculate the complexity classification, either on admission or at the following morning trauma meeting, 2 questions were asked. limOur working definition of "unfit" is having one or more un-controlled co-morbidities, three or more controlled co-morbidities as defined for guidelines for venous thromboembolism [4] or an ASA score of ≥3 or a Mini Mental Test score (MMTS) of ≤ 7 [4] . The definition of generally fit and well is therefore patients with no co-morbidities or one or two controlled co-morbidities, ASA ≤2 and a MMTS of ≥8. While Complex fractures are either ≥3 part fractures or subtrochanteric extension or pathologic fractures.
Using our electronic patients' record system length of hospital stay and mortality were identified. Our key outcome measures were mortality at 30 days and 1 year and length of hospital stay. The research and development department classified our work as service evaluation, hence no ethical committee approval was required and audit approval was granted from our institution audit department.
Statistical Analysis
All data was entered into Microsoft Excel spread sheets. The principle statistical tools used were Excel pivot tables and InStat 3. A P value of <0.05 was considered statistically significant and the confidence interval was set to 95%.
Results
Two hundred and ninety patients were admitted during our study period, patients below the age of 60 and patients with incomplete data entries were excluded. 273 patients were included in this study. Testing data using the stem and leaf plot showed that the data is parametric. The mean age of our study group was 81.3 years (range of 60 -102 with a standard deviation of 8.63). Eighty percent were females. A summary of the number of patients in each complexity group is summarised in a pie chart 1 and basic demographic data is summarised in Figure 1 . Basic demographic differences between complexity groups are summarised in Table 1 .
The 30-day mortality was 4.4% compared to a national average of 7.7% published by the NHFD during the same period. The one-year mortality was 20% with no national average to compare to at the same period. However, a recent paper published from Nottingham had an annual mortality average of 29.3% [2] .
The 30-day mortality was stratified by complexity groups, analysed using the Chi-square for trend, failed to show statistical significance (P < 0.05 at a 95% confidence interval) and the one-year mortality stratified by complexity groups was statistically significant (P < 0.001 at a 95% confidence interval) (Figure 2 & Figure 3 ). There was a higher risk in patients with more complex fracture patterns. Mortality stratified by complexity did show a linear trend, with an increasing mortality in more complex groups.
The mean length of stay was 23 days (range 1 -124 days, sd 20.17 and std. error of 1.22). When length of hospital stay was stratified by complexity and analysed for non-parametric data no statistically significant difference was found (P 0.39), but a linear trend was noted as shown in Figure 4 .
Discussion
Our classification considers pathoanatomic injury factors and overall patient status. It is bases on what we encounter in clinical practice and on clinical observation. Maxwell et al., developed the Nottingham Hip Fracture Score as a predictor of the risk mortality by considering the following physiologic parameters; Age, Sex, Admission Haemoglobin, Admission MMTS, Number of co-morbidities, presence of malignancy, and if patients lived in an institution [5] . After a score is worked, a risk of mortality is calculated against a graph. These parameters lack the stratification of the anatomical injury, which may translate to a more severe physiologic insult, as occurs in higher energy injuries. Surgical insult is significant to frail neck of femur patients and the more complex a fracture, the longer the operation, and therefore adds further insult to the patients' physiologic systems.
POSSUM score (Physiological and Operative Severity Score) developed by Copeland et al. and modified for NOF fractures by Ramanathan et al. is a complex scoring system that looks at 12 physiologic parameters and surgical parameters, the ones applicable to hip fractures are: type and number of operative procedures, amount of blood loss, presence of malignancy [6] [7] . In the latter scores, the surgical score is almost the same for every patient with a NOF fracture, reducing the value of this scoring system. [5] [10]- [12] . As our unit mortality in the first 30-days was 10 patients, further subgroup analysis to this small number was deemed of no statistical value.
There is some controversy between the value of the ASA grade and predicting mortality in the literature [5] [13] [14] . Some authors support the link between ASA score and mortality [15] - [20] The Donati score is a non-specific general surgical and orthopaedic 4-item score using age range, ASA, surgical severity, and urgency of surgery to calculate mortality risk. Again, all NOF fractures are deemed urgent.
We feel that our classification system is useful clinically as it summarises information gathered in the Neck of Femur admission pathway rapidly and can be simply applied by Orthopaedic or Orthogeriatric doctors upon admission in real time. The classification can then be used in communication with all members of the multi-disciplinary team along a patients care pathway. Our study demonstrates increasing mortality risk and therefore confines its utilisation in identifying risk and prioritisation of medical and surgical management both in terms of timing and seniority to help achieve the best outcome.
This classification allows a simple easy method of communication between surgeons, anaesthetists, orthogeriatricians and nurses allowing high-risk patients to be identified early and the start of immediate optimisation of care. Expanding the use of this system may provide prognostic indicators.
An additional potential use of the classification is that it could help differentiate between a hospital performing well with a fitter cohort of hip fracture patients (i.e., more C0) and other hospitals that may have more complex patients. We previously used a similar complexity classification system for our elective knee replacement patients [15] .
We hope to address some weakness of this study in the future namely looking at complications and readmissions in relation to increasing complexity, using our database to score the other available scoring systems to compare with other complexity scores and to increase the numbers of patients in the cohort group over time.
Conclusion
This hip fracture complexity classification is simple to use and implement. It reflects the clinical complexity of hip fracture patients, which allows identification of clinical risk and therefore appropriates allocation of resources. It could potentially allow a more accurate comparison of mortality between different hospitals if used nationally.
Key Points
• Complexity Classification correlates with Hip fractures Mortality. • Complexity Classification helps stratify patient care.
• Complexity Classification can provide better information on hospital performance.
